Merkel cell carcinoma (MCC) is a rare but highly aggressive cutaneous malignancy with a mortality rate exceeding that of melanoma. Although smaller studies of markers of progression have been performed, large-scale investigation has been difficult due to the rarity of this tumor. Investigation of 4 potential immunohistochemical progression markers using an MCC tissue microarray was performed. An immunohistochemical analysis of CXCR4, E-cadherin, Bcl-2, and Survivin was performed on a tissue microarray of two hundred twentyseven 0.6-mm tumor cores-110 primary, 73 local/regional metastatic, and 44 distant metastatic-from 87 patients, 23 of which were sampled 2 or more times. There was a statistically significant increase in immunoreactivity to CXCR4 and Survivin in local/regional nodal MCC metastases compared with primary and distant metastatic lesions. No significant differences by disease location were found for either Bcl-2 or E-cadherin. These results suggest a potential role for CXCR4 and Survivin in MCC tumor progression. However, previous data from other studies suggesting a role for Bcl-2 and E-cadherin in MCC progression are not confirmed in this larger sample. Further discovery of additional markers are needed to better characterize this rare but deadly malignancy.
INTRODUCTION
Merkel cell carcinoma (MCC) is a rare but highly aggressive cutaneous malignancy that principally occurs on the sun-exposed areas of older white men. 1 Its metastatic potential has been compared with that of melanoma, with an even higher mortality rate than the latter. 1 Currently, a multidisciplinary approach to treatment is recommended, consisting of wide local excision of the primary tumor, radiation therapy, lymph node dissection, and adjuvant chemotherapy.
Since its debut in the medical literature in 1980, numerous studies have been conducted to better understand the behavior and prognosis of this distinctive skin cancer. Yet, despite more than 1300 published reports on MCC, a great paucity of evidence still exists, and thus, the search for specific histologic progression markers continues. This study serves to further illuminate potential immunohistochemical progression markers for MCC through the use of a tissue microarray (TMA). The specific markers investigated included CXCR4, E-cadherin, Bcl-2, and Survivin. In this study, we examined 227 tissue samples of MCC from 87 patients in an attempt to discover reliable immunohistochemical progression markers for this tumor.
MATERIALS AND METHODS
A thorough review of the literature was initially conducted to determine which immunohistochemical markers possessed the greatest potential for significance in MCC progression. Candidate markers were selected based on quality of study, adequacy of sample size, and potential for further investigation, leading to a choice of 4 previously suggested MCC immunohistochemical progression markers, which possessed the highest potential for further investigation: CXCR4, E-cadherin, Bcl-2, and Survivin.
After institutional review board approval, a TMA was constructed using patients identified from our patient database, which includes all MCC cases at Moffitt Cancer Center from 1989 to 2008. Patients with available material in pathology archives were selected by searching for primary tumor, local and regional nodal disease, and distant metastatic disease. The microscopic slides were then analyzed by a Moffitt dermatopathologist for ideal core sectioning location. Tissue from these areas was randomly sampled from paraffin blocks. Two to three 0.6-mm cylindrical cores were collected from each donor block (with the exception of 2 blocks which had only enough tumor tissue present for a single core) using the MTA-I manual tissue arrayer (Beecher Instruments, Sun Prairie, WI). Cores were then arranged in a new paraffin block.
TMA slides were stained using a Ventana Discovery XT automated system (Ventana Medical Systems, Tucson, AZ) as directed by the manufacturer's protocol. Slides were deparaffinized using EZ Prep Solution (Ventana) and subsequently subjected to a heat-induced antigen retrieval in Cell Conditioning 1 (Ventana). Each TMA slide was stained with one of the following primary antibodies: anti-Bcl-2 mouse monoclonal antibody (Cell Marque, Rocklin, CA), anti-CXCR4 mouse monoclonal antibody (R & D Systems, Minneapolis, MN), anti-E-cadherin mouse monoclonal antibody (Ventana), and anti-Survivin rabbit polyclonal antibody (Novus Biologicals, Littleton, CO). Staining was then visualized using the Ventana OmniMap detection system kit, counterstained with hematoxylin, dehydrated, and cover slipped. Staining was manually scored in a range of 0 to 3 based on intensity and percentage of cells stained-0 signified no staining; 1, weak staining in 0%-50% of cells; 2, moderate to strong staining in 50%-75% of cells; and 3, strong staining in .75% of cells.
The TMA slides were also scanned and converted into an image format using the Aperio ScanScope XT Automatic Slide Scanning System (Aperio Technologies, Vista, CA) at 320 magnification using linear array technology. Image analysis was performed with Spectrum Information Manager software (Aperio Technologies) using a positive pixel count algorithm ( Fig. 1 ).
To construct aggregate expression level of MCC TMAs from their 2% positivity (%Pos) scores, we used the raw data for CXCR4 cell data, a square root transformation for Bcl-2 and Survivin cell data, and a quarter root transformation for Ecadherin to approximately normalize these scores, which were then averaged. The Tukey studentized range test was used to detect difference among primary (P), regional nodal metastatic (LN), and distant metastatic (M) tissues at a = 0.05. Descriptive statistics were presented using frequency, percentage, mean, median, range, and interquartile range. All statistical analyses were performed using SAS (version 9.2; SAS Institute Inc., Cary, NC).
RESULTS
The 87 patients had a mean age of 73.9 years (median age, 77 years; range, 39-94 years); 66 (76%) were male, and 21 (24%) were female; 13 (15%), 72 (83%), and 1 (1%) patients were stage I, II, and III MCC disease, respectively, at initial diagnosis, while 1 (1%) patient had unknown disease stage.
Manual scoring revealed that strong Bcl-2 staining was present in the majority of primary and regionally metastatic tumors (69% and 73%, respectively), whereas it was slightly lower in distant metastatic disease (40%). E-cadherin was found in a low percentage of all types of tumors (14%, 9%, and 17%). CXCR4 stained virtually all specimens. Nuclear Survivin was found to be strongly positive more often in primary (65%) and regional recurrent tumors (70%) than distant metastatic tumors (47%) ( Table 1) .
When analyzing imaged data, however, subtle differences were highlighted. A positive correlation (Spearman correlation coefficient ranging from 0.55 to 0.84) was observed between 2 %Pos scores for 2 of the 4 stains. Tukey studentized range tests revealed that LN tissue had statistically significantly (P = 0.0041) higher %Pos than P and M for CXCR4; M tissue had statistically significantly (P = 0.0043) lower %Pos than P and LN for Survivin; no differences were significant for Bcl-2 (P = 0.22) or E-cadherin (P = 0.64). The distribution of aggregate positivity scores of each of the 4 MCC TMAs, measured on different sites, is presented in box plots (Fig. 1) . Descriptives (N, Md, interquartile range, and range) of biomarkers by tumor type are presented in Table 2 .
DISCUSSION
Despite recent research into the behavior and pathogenesis of MCC, there exists a paucity of evidence for potential immunohistochemical progression markers in this tumor. Attempts have been made to discover correlation between various assessments of protein expression and likelihood of tumor evolution or clinical outcome. Unfortunately, the literature on immunohistochemical progression markers in MCC is composed of small studies that rarely account for all or even most other potential confounding factors. A brief review of the findings of many of these studies is presented.
In 1993, Micali et al 2 analyzed 8 patients with MCC and concluded that immunohistology did not correlate with outcome. This conclusion was also reached by Kennedy et al 3 after staining 15 cases of MCC for Bcl-2 (associated with resistance to apoptosis) and p53 (a critical cell cycle regulatory protein), even after finding moderate/strong staining for p53 in 5 cases, and moderate/strong staining for Bcl-2 in 10 cases. In 1999, Feinmesser et al 4 looked at the expression of bax (associated with resistance to apoptosis), Bcl-2, and p53 in MCC. Although they could not establish a correlation between staining intensity and treatment response or survival, Feinmesser et al 4 did suggest the possibility of tumor cell resistance to apoptosis-inducing agents due to their significant Bcl-2 positivity (76%).
CXCR4 is a chemokine receptor perhaps most recognized for its facilitation of HIV infection of T-helper lymphocytes. However, the role of CXCR4 in carcinogenesis, namely its effect on directing migration of metastatic cancer cells, has recently been elucidated. Tucci et al 5 looked at the staining patterns of CXCR4, Ki67, Bcl-2, p53, p16, and Survivin (an oncogene which inhibits apoptosis) in 12 cases of primary MCC. They found that Bcl-2 correlated strongly with poor prognosis, as did Ki67 and Survivin, albeit insignificantly. No expression of CXCR4 was found in the samples studied. Kim and McNiff 6 tested 19 cases of MCC (18 primary tumors and 1 metastasis) with antibodies to Survivin and found that all cases demonstrated strong immunoreactivity, with predominantly nuclear staining in 8 cases, cytoplasmic staining in 4, and mixed staining in 3. Seven of the 8 patients with predominantly nuclear staining developed metastatic disease or died, whereas all 4 cases with predominately cytoplasmic staining were disease free.
E-cadherin is a calcium-dependent intercellular adhesion protein normally expressed in skin. Loss of this protein has been recognized in several malignant tumors and is thought to be associated with a higher rate of tumor invasion due to loss of adhesion to adjacent cells. Han et al 7 found that E-cadherin was the most frequently expressed cadherin in MCC, although interestingly, this expression was largely localized to the nucleus rather than the cytoplasm. Tanaka et al 8 and Panelos et al, 9 however, although confirming reduced cytoplasmic E-cadherin expression in MCC, found nuclear localization of E-cadherin in only a small minority of cases (4 of 31, and 3 of 26, respectively).
Using TMAs of 227 samples of MCC from 87 patients, we investigated the potential relationship between MCC progression and tissue immunoreactivity to each of 4 markers-CXCR4, Bcl-2, Survivin, and E-cadherin. In our study, we exhibited positive staining for each of these markers, in contrast to previous reports of negative CXCR4 expression in MCC. Expression of E-cadherin in MCC tumor cells was observed to be of low frequency, generally weak, and cytoplasmic. We found that Survivin demonstrated a nuclear staining pattern with almost universal expression in MCC of all tumor stages, but significantly lower percent positivity in distantly metastatic tumors than in primary tumors or regional nodal metastases (Fig. 2) . A potential explanation for Survivin loss in distant MCC metastases may indicate independence from normal antiapoptotic mechanisms in advanced disease. Additionally, CXCR4 stained with a significantly higher percent positivity in regional metastatic disease than in primary or distant metastatic tumors (Fig. 3) . The increased expression of CXCR4 in local and regional nodal tumors may suggest a role for this protein in directing local and regional metastases in MCC, but adoption of alternate ''homing'' pathways in advanced metastatic disease. Notably, no statistically significant difference in staining patterns was observed for Bcl-2 or E-cadherin. This lack of differential staining in various tumor types suggests no role for Bcl-2 or E-cadherin in MCC progression. The strengths of this study are the large sample size and lack of exclusion criteria, which allows for broader application of our results. Perhaps the largest limitation of this study was the lack of complete patient follow-up data, which would have allowed us the opportunity to correlate our results with clinical outcome and further evaluate both progression and prognosis, as opposed to only the former. In light of this, our study is best understood as an objective report of data, and not an extrapolation of prognosis. Another limitation of this study was the lack of intrapatient standardization (very few patients had multiple stages of tumor available for inclusion in the TMA).
In conclusion, although the role of CXCR4 and Survivin in the progression of MCC is not fully elucidated, their differential expression in more advanced stages of MCC may suggest independence from more typical antiapoptotic and cell localization pathways. Certainly, the body of research involving pathologic and immunohistochemical progression and prognosis of MCC is relatively sparse due to the rarity of this tumor and larger and more controlled studies must still be conducted.
